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(54) STACK FRAME FOR FLOW BATTERY

(57) The present disclosure relates to a stack frame
for a flow battery, wherein the stack frame is made of a
polymer material and has a hollow structure, and an outer
shape thereof has a horizontally and/or longitudinally
symmetrical structure; the stack frame has a front side
and a back side; a surface of the front side has: an inlet
and an outlet of electrolyte; an electrolyte guiding groove;
and a sealing gasket groove; the electrolyte guiding
groove and the sealing gasket groove do not communi-
cate with each other, and the electrolyte guiding groove
is at least partially exposed to the surface of the front
side of the stack frame, and the electrolyte guiding groove
allows the electrolyte to flow in or out of graphite felts on
both sides of a bipolar plate or both sides of a separator
of the flow battery.
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Description

TECHNICAL FIELD

[0001] The present disclosure belongs to the field of
flow batteries, and specifically to the field of preparation
of flow battery components.

BACKGROUND

[0002] Electric power has always been regarded as an
instantaneous source of energy that is instantaneously
generated and supplied. For decades, the power grid has
formed a power supply system based on fossil fuel power
generation (commonly known as thermal power) (ac-
counting for 60% of the total power generation). The pow-
er supply system primarily regulates the driving of ther-
mal energy to mechanical energy and varies the output
efficiency of generators by controlling the combustion of
coal, oil, natural gas and other materials, so as to imme-
diately respond to the demand for the power grid load.
[0003] Since the 1990s, the construction of reservoir-
type hydroelectric power plants has effectively reduced
the dependence of the power grid on fossil fuel power
generation. Through the control of reservoir water level,
hydropower may also immediately respond to the chang-
ing power grid load as with a thermal power unit. Mean-
while, during the off-peak period of the power grid load,
it is possible to pump water from a low-level water source
to a high-level reservoir, so that the remaining power of
the power grid may be stored in the form of gravitational
potential energy and reserved for peak use.
[0004] Since the beginning of this century, a new gen-
eration of renewable energy system dominated by solar
power generation and wind power generation has been
widely accepted as a more scientific solution for energy
supply. Compared with the conventional power grid dom-
inated by thermal power and supplemented by hydro-
power, the new clean energy represents the future of
energy. However, its major disadvantage is the intermit-
tency of the source of energy. A new clean energy-dom-
inated power generation grid will inevitably have a seri-
ous mismatch between power generation peaks/valleys
and the power grid load, resulting in a lot of power wasted
during the on-peak power generation and a large-scale
power shortage during the off-peak power generation.
[0005] To truly realize the clean energy of the whole
power grid, there is a need to accomplish energy storage
of the whole power grid. With high-efficiency energy stor-
age units equipped at the power generation end to realize
the rapid access of electric energy locally, it is possible
to collect waste electricity in a low-load state of the power
grid and to release stored electricity in a high-load state
to turn it into treasure. In terms of power transmission
and distribution, energy storage stations are set up to
participate in grid peak shaving, so that the power distri-
bution efficiency is improved, the power transmission
congestion is relieved, and the upgrade of power trans-

mission and distribution is postponed. At the user end,
not only are the energy storage stations used as a backup
power supply, but also charging from the power grid is
done during low-price hours and discharging from the
energy storage system is done during high-price hours,
to achieve a plurality of demands such as time-of-use
electricity cost management, an increase in photovoltaic
self-consumption, on-demand power supply and electric-
ity cost saving. At the same time, a dual peak clipping
and valley filling of power generation and load is carried
out on a power supplier and a power consumer, which
significantly improves the utilization efficiency of the pow-
er grid.
[0006] Flow battery technology boasts the natural ad-
vantages of large-scale energy storage: the level of elec-
tricity storage quantity is linearly proportional to the vol-
ume of the electrolyte, and the charge-discharge power
is determined by the size and number of stacks, so it is
possible to devise, as required, a flow battery having the
charge-discharge power ranging from a kW level to an
MW level and having different energy storage volumes
allowing for continuous discharging for 1 hour to several
days. Electrolyte formed of general inorganic acids or
inorganic salts has stable chemical components, con-
venient storage, little influence on the environment, ex-
tremely low self-discharge coefficient, suitability for long-
term electric energy storage, and extremely high safety
performance. Due to its stable and reliable charge-dis-
charge cycle, there is no upper limit to the theoretical
number of charge-discharge cycles.
[0007] At present, most of the products from flow bat-
tery companies worldwide still remain in demonstration
projects for grid-level energy storage, far from meeting
the requirements for reliability and stability of commercial
products, and their main technical bottleneck consists in
the key component -- stack -- of the battery. Due to the
design flaw of stacks, the limitations of the mechanical
properties of stack materials, and the need to balance
the battery conversion efficiency and the internal cycle
stability of the electrolyte, the stack life may only reach
1000 to 3000 times, which greatly increases the cost per
kilowatt-hour of energy storage. How to produce a stable
and high-efficiency stack capable of charging and dis-
charging for a long time is a difficult problem faced with
flow battery enterprises.
[0008] During the production of a general stack, the
essential components, i.e., a graphite bipolar plate,
graphite felts and a separator, inside the stack are lam-
inated in this sequence, and then single cells are con-
nected in series to form a stack. After sealing and as-
sembling, positive and negative electrolytes are intro-
duced for charge-discharge cycles. When assembling
and laminating internal components, there is a need to
introduce an auxiliary frame structure, which is used
mainly to provide a flow groove for the electrolyte to cir-
culate inside the stack so as to ensure its smooth flow
without blockage, and to ensure no displacement of the
components when assembled so that the corresponding
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positions of each part are guaranteed to be aligned;
meanwhile, the auxiliary structure has a sealing effect on
each single cell, so that the electrolyte is guaranteed not
to leak; and a certain internal pressure in the stack is
maintained so that the contact resistance between the
components is minimized, thereby improving the energy
conversion efficiency of the stack. In available main-
stream technologies of stacks, the design of the flow
groove is mainly achieved by sealing gaskets.
[0009] It is a very "natural" solution to realize the seal-
ing and the flow guide groove by sealing gaskets, which
has the advantages of simple design, low cost, etc., and
has become a mainstream design scheme for the stack
of a flow battery. However, the material for the sealing
gasket generally includes silicone rubber, fluorine rub-
ber, butyl rubber, EPDM, etc., which are self-expansible
to some extent, and are liable to be aged and corroded
during their long-term contact with the electrolyte of the
flow battery, thereby affecting the service life of the flow
battery.
[0010] Citation Literature 1 discloses a flow-cell elec-
tric-pile sealing structure, comprising a sealing rubber
formed by connecting several sealing gaskets through a
sealing line, wherein the sealing gasket is provided with
a common flow channel opening for electrolyte, and the
sealing gasket is provided with a compressive deforma-
tion structure on one side, and an annular convex struc-
ture on the other side. The said sealing gasket seals the
common flow channel opening for electrolyte of the sep-
arator and the periphery thereof. The separator side is
sealed in a linear sealing manner that is embedded inside
and outside to achieve double protection. The position
of the common flow channel for electrolyte is sealed in a
face sealing manner to achieve prevention of the internal
and external leakage, but the electrolyte is still in direct
contact with the sealing rubber.
[0011] Citation Literature 2 discloses an electrode
frame structure of flow battery pile, with an additional flow
channel for electrolyte disposed on a rectangular plate,
wherein one end of the additional flow channel for elec-
trolyte is connected to a through hole of an electrolyte
inlet, while the other end is connected to a cavity that
may accommodate the electrodes. Its electrode frame
structure improves the concentration distribution in the
electrodes and improves the battery performance. Al-
though it does not mention the relationship between the
electrolyte diversion groove and the sealing member, it
can be seen from the structural diagram that the inflow
and outflow of the electrolyte still rely on the diversion
groove formed by the sealing member.
[0012] Citation Literature 3 provides a bipolar plate for
flow battery and a flow battery pile, the bipolar plate for
flow battery includes a fixed frame and a diversion guide
frame that are attached to each other. The fixed frame
is a frame structure. A conductive plate is arranged inside
the fixed frame, and at least two of first through holes are
arranged around the fixed frame. The diversion frame is
a frame structure. A separator is arranged inside the di-

version frame, and the edge of the separator is fixed to
the diversion frame. By separately arranging the first
through hole and the second through hole allowing the
electrolyte to pass through, neither of them will pass
through the separator, and the separator is fixed by the
diversion frame. When flowing through the first through
hole and the second through hole, the electrolyte is not
in contact with either of the separator and the conductive
plate, which will not damage the separator and the con-
ductive plate, extending the service life of the separator
and the conductive plate. Also, the fixed frame and the
diversion frame are very hard and not easily damaged.
Although Citation Literature 3 does not directly disclose
the relationship between the electrolyte and the sealing
rubber, two different frames are required for fixing the
separator and the conductive plate, so the ease of as-
sembly is inadequate.
[0013] Citation Literature 4 discloses an electric pile
structure of a flow battery, comprising a repeatedly
stacked unit cell formed by laminating a guide plate, a
bipolar plate and a guide plate in this order, and a sep-
arator, wherein the electric pile structure is devoid of a
sealing gasket, and the side of the electric pile, which is
perpendicular to the plane where the bipolar plate is lo-
cated, is encapsulated by an encapsulating end plate. In
spite of no use of a sealing structure in the electric pile,
an individual guide plate is used to guide the flow, and a
bipolar plate and two guide plates are connected by
means of injection molding, bonding, welding, chemical
bonding, etc. to form a seamless structural unit, in which
electrodes are installed to constitute a unit cell. Hence,
the structure is complicated, and there are concerns
about reliability in use.
[0014] In view of the above, the basic situations of the
prior art show that there still remains room for further
improvements over the simplicity of the stack frame and
the rationality of the structural design.

Citation Literature 1: CN106374129A
Citation Literature 2: CN206225462U
Citation Literature 3: CN204516844U
Citation Literature 4: CN107123824A

SUMMARY

Problems to be solved by the Invention

[0015] The so-called flow battery is, above all, to en-
sure an unimpeded flow of liquid electrolyte inside the
battery. In the design of an ordinary stack for flow batter-
ies, the rubber gasket has two fatal shortcomings. One
is poor oxidation resistance. After long-term contact with
an electrolyte, the rubber gasket will undergo volume ex-
pansion, causing the internal space of a flow groove to
be squeezed, which affects the flow of electrolyte in the
groove. More seriously, this will block the flow groove,
resulting in an overcharge of the whole battery, so that
the battery scraps. The other shortcoming is an inherent
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elasticity of the rubber gasket. When assembling a stack,
it is hard to guarantee that the areas of each cell are
uniformly stressed, which leads to poor uniformity of an
electrolyte guiding groove, directly resulting in uneven
velocity distribution of positive and negative electrolytes
in different cells in the flow groove. As a result, some
cells at a low flow rate may be overcharged, causing plen-
ty of gas to be generated, such that a conductive graphite
felt plate and a bipolar plate are corroded and disinte-
grated. Finally, the interior of the battery is blocked and
the battery scraps.
[0016] In view of the above problems of the prior art,
the present disclosure provides a stack frame for a flow
battery having: an inlet and an outlet of electrolyte; an
electrolyte guiding groove; and a sealing gasket groove,
wherein the electrolyte guiding groove communicates in-
dependently with the inlet and the outlet respectively, and
allows the electrolyte to flow in or out of graphite felts on
both sides of a bipolar plate or both sides of a separator
via the electrolyte guiding groove. In the stack frame, the
electrolyte guiding groove and the sealing gasket groove
do not communicate with each other, thereby overcoming
the problems about structural damage, blockage of elec-
trolyte runners, and uneven velocity distribution of posi-
tive and negative electrolytes in different cells as a result
of ageing, corrosion and volume expansion of sealing
rubber in conventional stack frames.

Solution to Problems

[0017] After diligent studies, the present inventors pro-
pose the following technical solution to address the afore-
mentioned technical problems:

The present disclosure provides, for the first time, a
stack frame for a flow battery, wherein the stack
frame is made of a polymer material and has a hollow
structure, and an outer shape thereof has a horizon-
tally and/or longitudinally symmetrical structure,
the stack frame has a front side and a back side, the
surface of the front side has:

an inlet and an outlet of electrolyte;
an electrolyte guiding groove; and
a sealing gasket groove;
the electrolyte guiding groove and the sealing
gasket groove do not communicate with each
other, and the electrolyte guiding groove is at
least partially exposed to the surface of the front
side of the stack frame, and
the electrolyte guiding groove allows the elec-
trolyte to flow in or out of graphite felts on both
sides of a bipolar plate or both sides of a sepa-
rator of the flow battery.

[0018] The stack frame according to the above aspect,
the electrolyte guiding groove is symmetrically distribut-
ed on two side frames of the front side of the stack frame,

and on either of the side frames, the electrolyte guiding
groove includes a portion (a) connected to the inlet or
the outlet, and a portion (b) not connected to the inlet or
the outlet.
[0019] The stack frame according to the above aspect,
on either of the side frames of the stack frame, the portion
(a) intersects with the sealing gasket groove, and has
through holes respectively on both sides of an intersec-
tion, so that the portion (a) is divided by the intersection
into a portion (a1) and a portion (a2); and the portion (a1)
and the portion (a2) are connected to the through holes
on both sides of the intersection respectively, and the
portion (a2) further communicates with graphite felts on
both sides of the bipolar plate or both sides of the sepa-
rator.
[0020] The stack frame according to the above aspect,
the distance between the through holes on both sides of
the intersection matches a length of the portion (b).
[0021] The stack frame according to any one of the
above aspects, both the front side and the back side of
the stack frame have a horizontally and/or longitudinally
symmetrical structure relative to a center line.
[0022] The stack frame according to any one of the
above aspects, the stack frame is a frame bearing the
bipolar plate and the graphite felts or a frame bearing the
separator and the graphite felts.
[0023] The stack frame according to any one of the
above aspects, the stack frame only allows the electrolyte
to flow in and out of graphite felts on both sides of the
bipolar plate or both sides of the separator via the elec-
trolyte guiding groove.
[0024] Besides, the present disclosure further relates
to a stack frame laminate for a flow battery, wherein the
stack frames according to any one of the above aspects
are laminated by the following method in such a manner
that the front sides face the same direction: using one of
the stack frames as a reference, and laminating an ad-
ditional stack frame by rotating it by 180° in a parallel
manner.
[0025] Furthermore, the present disclosure further re-
lates to a flow battery stack, comprising one or more stack
frames according to any one of the above aspect, or the
stack frame laminate according to the above aspect.
[0026] In addition, the present disclosure further re-
lates to a flow battery, comprising the stack according to
the above aspect.

Effects of the Invention

[0027] The technical solution according to the present
disclosure is capable of achieving the following technical
effects:

(1) In the design of the stack frame of the present
disclosure, the positive and negative electrolyte,
when circulated, is not in contact with the sealing
rubber, thus getting rid of degradation of physical
and mechanical properties of the sealing rubber due
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to its long-term contract with the electrolyte.
(2) In the present disclosure, since there is no need
for the positive and negative electrolyte, when circu-
lated, to pass through the runner formed by the seal-
ing rubber, the final compression forms of different
cells are different as a result of uneven stress on the
sealing rubber during encapsulation. However, the
difference in these compression forms would not be
passed to affect the flow of the electrolyte, so it would
not lead to the unevenness of mobility of the elec-
trolyte.
(3) The stack frame in the present disclosure is sim-
ple in design and easy to assemble. Also, the frame
may be used not only as a frame of the bipolar plate
and the graphite felts but also as a frame of the sep-
arator and the graphite felts. The frame is universal
and is less liable to be wrongly assembled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1: a top view of the stack frame of the present
disclosure.
FIG. 2: an instance of intersection of the electrolyte
guiding groove and the sealing gasket groove in the
stack frame of the present disclosure.
FIG. 3: an instance of intersection of the electrolyte
guiding groove and the sealing gasket groove in the
stack frame of the present disclosure.
FIG. 4: an instance of intersection of the electrolyte
guiding groove and the sealing gasket groove in the
stack frame of the present disclosure.

DETAILED DESCRIPTION

[0029] Specific embodiments of the present disclosure
will be illustrated below in detail. It should be noted that
the illustration should not be regarded as a restrictive
explanation as to the summary of the present disclosure
herein. All of the technical solutions of the present dis-
closure are not limited to the following description, and
any form that meets the technical features of the present
disclosure and their equivalents falls within the scope of
protection of the present disclosure.

Material for Frame

[0030] The stack frame of the present disclosure is a
stack frame made of a polymer material. The polymer
material may be a single polymer material, or a mixture
of two or more polymers.
[0031] The polymer may be one or more kinds selected
from a polyolefin-based polymer, polyphenylene ether,
polyimide, polyphenylene sulfide, polysulfone, polyester,
polyaryletherketone, fluororesin, etc. Suitable polyolefin-
based polymers may be homopolymers or copolymers
of ethylene, propylene or α-olefin, in particular high-den-

sity polyethylene, low-density polyethylene, polypropyl-
ene, propylene-butene copolymer, and the like.
[0032] The stack frame may be made substantially of
the aforementioned polymer, or may be made of a com-
posite material formed by the aforementioned polymers
and reinforced fibers. The reinforced fibers are not par-
ticularly limited. They may be selected from organic fibers
or inorganic fibers, and the fibers may be continuous fib-
ers or chopped fibers.
[0033] In addition, the stack frame may also be pre-
pared from a mixture of the above-mentioned polymer
and additional functional components. The other func-
tional components include a filler, an antioxidant, a flame
retardant, a stabilizer, various processing aids, etc.
[0034] The main function of the filler is to enhance the
mechanical properties of a final stack frame. The suitable
filler may be one or more kinds selected from silica, tita-
nium dioxide, talc, mica, calcium carbonate, barium sul-
fate, and the like.
[0035] The antioxidant may be one or more kinds se-
lected from amines, phenols, sulfur-containing com-
pounds, phosphorus-containing compounds, and the
like.
[0036] The flame retardant may be one or more kinds
selected from a phosphorus-based flame retardant, a ni-
trogen-based flame retardant, a nitrogen-phosphorus
synergistic flame retardant, a fluorinated flame retardant,
and the like.
[0037] The stabilizer may be one or more kinds select-
ed from a light stabilizer, a heat stabilizer, and the like.
[0038] The processing aids may be one or more kinds
selected from a plasticizer, a lubricant, an impact modi-
fier, etc.
[0039] The use of those additional functional compo-
nents described above is not particularly limited as long
as they are not reactive with electrolyte components, and
an amount of each component with respect to the poly-
mer resin may follow a conventional amount in this field.
[0040] Furthermore, a suitable method for preparing a
stack frame includes injection molding, dip molding, etc.,
which may be integral molding or splicing molding.
[0041] As for the shape of the stack frame, the stack
frame has a hollow structure in the present disclosure.
The hollow structure means that the stack frame is an
integral body formed by four borders having a certain
edge width and a hollow structure is arranged inside the
borders, which is used mainly for bearing the bipolar plate
and the graphite felts or the separator and the graphite
felts.

Sealing Gasket Groove and Sealing Rubber

[0042] In the present disclosure, sealing rubber is used
to form a sealing gasket disposed in the sealing gasket
groove of the stack frame.
[0043] There is no particular limitation on the arrange-
ment of the sealing gasket groove. In some embodi-
ments, the sealing gasket groove may be arranged at
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the edges of the peripheral frame of the stack frame, such
as the four corners and the peripheral edges of the frame,
extending along the direction of the outer edge of the
frame.
[0044] In addition, the types of sealing rubber suitable
to the present disclosure may be various elastomers,
specifically, olefin-based elastomers or silicon-contain-
ing elastomers or the like.
[0045] In the present disclosure, the sealing rubber
provided in the sealing gasket groove may seal the inte-
rior of the stack frame by hard pressing when laminating
or encapsulating a plurality of frames. There are no spe-
cial requirements for the form of the sealing rubber used
for sealing in the present disclosure as long as it may
seal a stack.
[0046] In the present disclosure, as the sealing rubber
is not in contact with the positive and negative electrolyte,
the service life of the sealing rubber will be greatly ex-
tended. Also, as the circulation of the positive and neg-
ative electrode liquids is independent of the sealing rub-
ber, even if the sealing rubber is unevenly stressed or
deformed at the time of assembling the stack, this would
not affect the flow of the electrode liquids in the stack
frame.

Structure of Stack Frame

[0047] The stack frame of the present disclosure has
a certain outer shape. The specific shape of the outer
shape is not limited but depends on actual conditions or
needs. Moreover, the stack frame of the present disclo-
sure has a hollow structure, in which a bipolar plate and
graphite felts or a separator and graphite felts of the flow
battery may be installed as required. As described above,
the frame of the present disclosure is prepared from a
polymer material with a certain rigidity, ensuring the sta-
bility of the bipolar plate, separator and graphite felts dur-
ing the lamination of the frame structure, so that the inflow
and outflow of electrolyte are more even and smooth.
[0048] In some embodiments of the present disclo-
sure, the four borders forming a hollow structure of the
stack frame include long borders and short borders, and
preferably the width of the long borders is greater than
or equal to that of the short borders.
[0049] The stack frame has an inlet and an outlet of
electrolyte; an electrolyte guiding groove; and a sealing
gasket groove. The electrolyte guiding groove commu-
nicates independently with the inlet and the outlet respec-
tively, and allows the electrolyte to flow in or out of graph-
ite felts on both sides of a bipolar plate or both sides of
a separator via the electrolyte guiding groove, and the
electrolyte guiding groove and the sealing gasket groove
do not communicate with each other.
[0050] The sealing gasket groove is arranged on the
borders of the stack frame. The specific arrangement of
the gasket groove is not particularly limited and may refer
to conventional arrangements in this field. During assem-
bly, sealing rubber strips existing in the sealing gasket

groove are capable of sealing the interior of the stack to
prevent leakage of electrolyte.
[0051] The inlet and outlet of electrolyte allow for inflow
and outflow of electrolyte. In some preferred embodi-
ments of the present disclosure, it is possible to form
through holes at the edges of the stack frame, preferably
at four corners along the edges, to provide the inlet and
the outlet. Such through holes may also play a role in
positioning and assistance for assembly at the same
time.
[0052] The inlet and outlet of the electrolyte are com-
municated with the electrolyte guiding groove of the stack
frame, respectively. The electrolyte guiding groove is dis-
posed on the peripheral border structure around the
frame. In some preferred embodiments of the present
disclosure, the guiding groove is disposed on two wider
opposite borders in the frame structure, while the bor-
ders, on which no guiding groove is provided, in the frame
may be set as narrower borders. This is conducive to
increasing the internal space of the stack while ensuring
the structural strength.
[0053] In some embodiments of the present disclo-
sure, on one border of the stack frame, the guiding groove
is connected to the through hole on the border, while the
other end of the guiding groove is connected to the hollow
portion inside the stack frame. The hollow portion is a
reserved portion for installing a bipolar plate and graphite
felts or a separator and graphite felts. The other border
opposite to the aforesaid border also has the same struc-
ture. Such an arrangement ensures that the electrolyte
may flow in from one border of the stack frame and flow
out from the guiding groove on the other border after
reacting with the graphite felt.
[0054] As set out previously, the electrolyte guiding
groove and the sealing gasket groove of the present dis-
closure do not communicate with each other. In some
embodiments of the present disclosure, the entire guiding
groove portion from the above inlet or outlet through hole
to one or more runner openings connected to the hollow
portion inside the stack frame is physically separated
from the sealing gasket groove, without an intersection.
In such an embodiment, for example, the sealing gasket
groove may be disposed on a more peripheral portion of
the guiding groove portion. In this case, forming a guiding
groove by a frame prepared from a polymer with a certain
mechanical strength or rigidity not only can ensure no
corrosion against the sealing rubber after long-term use
of the flow battery, but would not result in an uneven
structure due to undesirable assembly stress on the pos-
itive guiding groove during assembly.
[0055] In some other embodiments of the present dis-
closure, there is an intersection between the sealing gas-
ket groove and the electrolyte guiding groove. For in-
stance, at least part of the periphery of the sealing gasket
groove is provided with a guiding groove. Under this cir-
cumstance, the sealing gasket groove may be provided
in such a manner that it is cut off at the intersection, which
may reduce the contact between the sealing gasket and
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the electrolyte in terms of the physical structure. Howev-
er, the manner of cutting off the sealing gasket groove
would cause concern about sealing property in some ex-
treme cases. Therefore, in some other preferred embod-
iments of the present disclosure, a "tunnel" structure is
provided at the intersection, that is, the electrolyte guiding
groove is enabled to pass through a through structure at
the lower portion of the sealing gasket groove, and both
ends of the guiding groove are connected to the inlet or
outlet through hole at the edge of the frame, and the
runner opening leading to the hollow portion inside the
frame, respectively. The "tunnel" structure may be a V-
shaped structure or a U-shaped structure or any other
structure that meets conditions for connection and com-
munication. The aforementioned through structure may
only be formed inside the frame. For example, when the
guiding groove is fully present inside the stack frame, the
guiding groove may directly pass below the intersection.
The through structure may also be formed together with
a groove structure on the surface of the corresponding
area of an additional frame laminated on the lower portion
of the frame when the stack is assembled. In this case,
some frames of the present disclosure may form run-
through openings on both sides of the above-mentioned
intersection.
[0056] In some embodiments of the present disclo-
sure, the electrolyte guiding groove is completely en-
closed inside a stack frame of the present disclosure. As
described above, when the guiding groove and the seal-
ing gasket groove have an intersection or an intersection
part, such an enclosed arrangement enables the guiding
groove to be physically isolated from the sealing rubber
as much as possible. In some other embodiments, the
enclosed guiding groove may form continuous protruding
structures on the surface of the frame. In some other
embodiments, the above enclosed portion does not form
a protruding structure.
[0057] Besides, in some other embodiments of the
present disclosure, the electrolyte guiding groove is at
least partially exposed to the surface of the stack frame,
that is, at least part of the guiding groove is present inside
the stack frame. In such a structure, the guiding groove
exposed on the surface of the stack frame may be en-
closed by virtue of another stack frame laminated on the
stack frame during the assembly of a stack.
[0058] In the present disclosure, no matter whether the
electrolyte guiding groove is completely enclosed in an
individual stack frame, or part of the guiding groove is
formed on the surface of the stack frame, as long as the
guiding groove intersects with the sealing gasket groove,
the "tunnel" through structure formed at the intersection
may be formed only by the structure of the stack frame
itself, or by the stack frame together with a stack frame
adjacently laminated beneath it. In this case, it is evident
that the lower stack frame is provided with a suitable
structure at a corresponding position to form an integrat-
ed communication structure together with the structure
of the stack at the intersection, so that the guiding groove

of the stack frame may form a complete circulation chan-
nel below the intersection.
[0059] Furthermore, in the present disclosure, the two
main surfaces, namely, the front side and the back side,
of the stack frame are regarded as the main surfaces of
the stack frame. Accordingly, the stack frame has two
main surfaces -- the front side and the back side. In some
embodiments of the present disclosure, one side of the
stack frame to which the guiding groove is exposed may
be regarded as the front side. In this case, the front side
of the stack frame has the surface of the front side at
least partially present in the stack frame. In some em-
bodiments of the present disclosure, the front side of the
frame may also have some protrusions. Preferably, the
protrusions are provided on the portion, not in contact
with the guiding groove, of the borders of the stack frame.
The protrusions and the frame may be integrally formed
with the borders, or the protrusions may be made of a
sealing material. The protrusions are closely connected
to the borders, and may have effects of securing the stack
frame and sealing when the stack frame is assembled.
In some embodiments of the present disclosure, the pro-
trusions and the above sealing rubber may be made of
the same material. Therefore, the front side of the stack
frame in the present disclosure may have a sealing gas-
ket groove, a guiding groove (inside the stack frame or
partially exposed to the front surface of the stack frame),
optionally the protrusions above, and the like.
[0060] On the back side of the stack frame, a sealing
gasket groove may be provided as needed.
[0061] In some preferred embodiments of the present
disclosure, the stack frame structure of the present dis-
closure has a horizontally and/or longitudinally symmet-
rical structure in outer shape. In some embodiments, the
electrolyte guiding groove provided on one surface (at
the front side) of the stack frame structure of the present
disclosure has a symmetrical structure along with the hor-
izontal and/or longitudinal directions of the surface. Fur-
ther, in some other embodiments of the present disclo-
sure, the electrolyte guiding groove, protrusions, a seal-
ing gasket groove, and other optional structures provided
on one surface (at the front side) of the stack frame struc-
ture of the present disclosure has a symmetrical structure
along with the horizontal and/or longitudinal directions of
the surface.

Stack Frame Laminate

[0062] Besides, the present disclosure further relates
to a stack frame laminate.
[0063] In the preferred embodiments of the present dis-
closure, two or more stack frames of the present disclo-
sure are used to form a laminate. The stack frames of
the present disclosure may be laminated in such a man-
ner that the front sides face the same direction.
[0064] The stack frame of the present disclosure may
be equipped with a bipolar plate and graphite felts, or
may also be equipped with a separator and graphite felts
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therein. In some preferred embodiments, when assem-
bling the stack frame equipped with a bipolar plate and
graphite felts and the stack frame equipped with a sep-
arator and graphite felts, either of the two adjacent stack
frames is laminated in parallel to the other by means of
plane rotation of 180° (with the normal direction of the
main surface of the frame as the axis). Therefore, the
present disclosure provides a very simple method for as-
sembling a flow battery stack, comprising: using the
frame of the present disclosure, filling the hollow structure
therein with a bipolar plate and graphite felts, or a sepa-
rator and graphite felts, and then laminating them. The
lamination will be carried out according to the above
method, which may easily avoid the occurrence of as-
sembly errors.
[0065] When carrying out the lamination, at the inter-
face where the two frames meet, if the lower frame has
a guiding groove present on the surface of the stack
frame, the guiding groove would be enclosed by the up-
per frame. In addition, as described above, in some em-
bodiments, the lower frame provides a corresponding
guiding groove structure, which may form a "tunnel"
structure together with the corresponding portion of the
frame laminated thereon to allow for flow of electrolyte,
so that the electrolyte flowing through the upper frame
flows below its intersection with the sealing gasket
groove, and enters the guiding groove provided in the
upper frame again.
[0066] In a specific embodiment, if the guiding groove
provided at the front side part of the stack frame is ex-
posed to the surface, when the stack is assembled, the
front side of a stack frame (frame B) overlapped with the
frame (frame A) faces the same direction as the front
side of frame A, wherein the back side of frame A is com-
bined with the front side of frame B. At the same time,
the back side of frame A has a corresponding structure
capable of enclosing the electrolyte guiding groove on
the surface of frame B. The frame A and the frame B
meet the conditions described above in the present dis-
closure, that is, A may be exactly the same as B, while
B is obtained by rotating A by 180° in the plane during
assembly.
[0067] In other embodiments, if the sealing gasket
groove (at the front side) of frame A and the electrolyte
guiding groove have an intersection, and the guiding
grooves on two side frames A at the intersection have
through holes, a groove structure present at the corre-
sponding position of the front side of an additional frame
laminated under the frame A and the through holes on
both sides of the intersection of the above frame A jointly
form a through structure, such that the electrolyte circu-
lating in the frame A flows back to the frame A via the
through structure. In a preferred embodiment, the addi-
tional frame may be frame B. In this situation, an over-
lapping arrangement of a plurality of frames B/A/B/A ...
is formed in fact to enclose the guiding groove of each
frame.
[0068] Additionally, in another specific embodiment of

the present disclosure, the electrolyte guiding groove is
symmetrically distributed on the surfaces of two side
frames on the surface of the front side of the stack frame.
As described before, the two side frames may be wider
in width and/or longer in length in the stack frame. On
either side, the electrolyte guiding groove intersects with
the sealing gasket groove present on the surface of this
side. The electrolyte guiding groove includes a portion
(a) connected to the inlet or the outlet, and a portion (b)
not connected to the inlet or the outlet. In some cases,
the portion (a) and/or the portion (b) are at least partially
formed on the surface of this side of the stack frame.
[0069] On the surface of each side of the stack frame,
the portion (a) intersects with the sealing gasket groove,
and optionally the portion (b) does not intersect the seal-
ing gasket groove. Through holes are provided on both
sides of the intersection, such that the portion (a) is di-
vided by the intersection into a portion (a1) and a portion
(a2). Moreover, the portion (a1) and the portion (a2) are
connected to the through holes provided on both sides
of the intersection respectively, and the portion (a2) fur-
ther communicates with graphite felts on both sides of
the bipolar plate or the separator.
[0070] The distance between the through holes on both
sides of the intersection matches the length of the portion
(b). The matching used herein may be interpreted as the
length of the portion (b) being equal to or slightly shorter
than the distance between the two through holes. The
length of the portion (b) should be a straight-line distance
between a starting point and an ending point of the portion
(b). In this sense, the shape or strike between the starting
point and the ending point of the portion (b) is not partic-
ularly limited.
[0071] At this point, when two or more stack frames of
the present disclosure are laminated and assembled in
such a manner that their front sides face the same direc-
tion (here the upper and lower stack frames will be used
for illustration), the upper frame has a portion (a) and a
portion (b) of the electrolyte guiding groove completely
formed on the surface of the front side of the stack frame.
Moreover, the above-mentioned portion (a) and portion
(b) do not communicate with each other, and have the
same structural arrangement as described above. By us-
ing the front side of the lower frame as a reference, the
upper frame is rotated in parallel by 180° in a plane and
then laminated on the lower frame to form a laminate. At
this time, the portion (a) at the front side of the lower
frame is completely enclosed, and the portion (b) is con-
nected to the through holes of the upper frame on both
sides of the intersection.
[0072] The embodiments of the present disclosure will
be illustrated below with reference to the specific draw-
ings. It should be noted that the portions (including an
electrolyte guiding groove, a sealing gasket groove, etc.)
in the following drawings are all partially shown.
[0073] FIG. 1 shows a basic embodiment of the present
disclosure, a stack frame 1 has a hollow portion 2, and
the stack frame has a horizontally and/or longitudinally
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symmetrical structure. There are four through holes at
four corners on one surface of frame 1. A through hole
31 is an inlet of electrolyte, and a through hole 32 is a
corresponding outlet of electrolyte. An electrolyte guiding
groove 4 is provided inside the stack frame 1, wherein
one end of the guiding groove 4 communicates with the
through hole 31 or 32, while the other end communicates
with the hollow portion in the frame.
[0074] In the stack frame as shown in FIG. 1, the hollow
portion may be equipped with a bipolar plate and graphite
felts, or may also be equipped with a separator and
graphite felts. In a preferred embodiment, in the hollow
portion, the frame equipped with a bipolar plate and
graphite felts and a stack frame equipped with a sepa-
rator and graphite felts may be laminated.
[0075] In FIG. 1, there is also a sealing gasket groove
5 (not shown in FIG. 1) of the frame. The sealing gasket
groove 5 may be arranged arbitrarily. In this case, when
a stack is assembled, the sealing rubber in sealing gasket
groove 5 is physically isolated from the electrolyte guiding
groove 4 in the stack frame 1, and the electrolyte guiding
groove 4 is present inside the stack frame 1 or at least
partially present on the surface (of the front side) of the
stack frame 1.
[0076] FIG. 2 (partial top view) shows another embod-
iment of the present disclosure. In this instance, the guid-
ing groove 4 is present on the surface of the front side
of stack frame 1 and exposed thereto. The sealing gasket
groove 5 of the stack frame 1 intersects with the guiding
groove 4, and the guiding groove 4 passes through the
lower portion of sealing gasket groove 5 at the intersec-
tion.
[0077] FIG. 3 (partial top view) shows another embod-
iment of the present disclosure. In this case, the guiding
groove 4 is present on the surface of the front side of the
stack frame 1 and exposed thereto. The sealing gasket
groove 5 of the stack frame 1 intersects with the guiding
groove 4, and the guiding groove 4 has two run-through
openings 6 on both sides of the intersection. By means
of laminating stack frame 1 on other stack frames, the
lower stack frame forms an arbitrary structure on the sur-
face of a corresponding position, and is thus capable of
forming a "tunnel" structure together with the above two
run-through openings.
[0078] FIG. 4 (partial top view) shows another embod-
iment of the present disclosure. In this instance, the guid-
ing groove (a) is present on the surface of the front side
of the stack frame 1 and exposed thereto. The sealing
gasket groove 5 of the stack frame 1 intersects with the
guiding groove (a), so the guiding groove (a) may be
divided into a portion (a1) and a portion (a2) (it should
be noted that the guiding groove (a) including a portion
(a1) and a portion (a2) is merely partially shown here),
and the guiding groove (a) has two run-through openings
6 on both sides of the intersection. In the stack frame,
there is also guiding groove (b) on the border at the same
side with guiding groove (a). Also, 7 shown in FIG. 4
denotes an edge of the border on the front side of the

stack frame.
[0079] In addition, the present disclosure further re-
lates to a stack using the above stack frames or stack
frame laminate of the present disclosure, and a flow bat-
tery using the stack.

Industrial Applicability

[0080] The stack frames of the present disclosure may
be used for the preparation or assembly of industrial flow
batteries.

Claims

1. A stack frame for a flow battery, wherein the stack
frame is made of a polymer material and has a hollow
structure, and an outer shape thereof has a horizon-
tally and/or longitudinally symmetrical structure,
the stack frame has a front side and a back side, the
surface of the front side has:

an inlet and an outlet of electrolyte;
an electrolyte guiding groove; and
a sealing gasket groove;
the electrolyte guiding groove and the sealing
gasket groove do not communicate with each
other, and the electrolyte guiding groove is at
least partially exposed to the surface of the front
side of the stack frame, and
the electrolyte guiding groove allows the elec-
trolyte to flow in or out of graphite felts on both
sides of a bipolar plate or both sides of a sepa-
rator of the flow battery.

2. The stack frame according to claim 1, wherein the
electrolyte guiding groove is symmetrically distribut-
ed on two side frames of the front side of the stack
frame, and on either of the side frames, the electro-
lyte guiding groove includes a portion (a) connected
to the inlet or the outlet, and a portion (b) not con-
nected to the inlet or the outlet.

3. The stack frame according to claim 2, wherein on
the surface of either of the side frames of the stack
frame, the portion (a) intersects with the sealing gas-
ket groove, and has through holes respectively on
both sides of an intersection, so that the portion (a)
is divided by the intersection into a portion (a1) and
a portion (a2); and the portion (a1) and the portion
(a2) are connected to the through holes on both sides
of the intersection respectively, and the portion (a2)
further communicates with graphite felts on both
sides of the bipolar plate or both sides of the sepa-
rator.

4. The stack frame according to claim 3, wherein the
distance between the through holes on both sides
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of the intersection matches a length of the portion (b).

5. The stack frame according to any one of claims 1 to
4, wherein both the front side and the back side of
the stack frame have a horizontally and/or longitudi-
nally symmetrical structure relative to a center line.

6. The stack frame according to any one of claims 1 to
5, wherein the stack frame is a frame bearing the
bipolar plate and the graphite felts or a frame bearing
the separator and the graphite felts.

7. The stack frame according to any one of claims 1 to
6, wherein the stack frame only allows the electrolyte
to flow in and out of graphite felts on both sides of
the bipolar plate or both sides of the separator via
the electrolyte guiding groove.

8. A stack frame laminate for a flow battery, wherein
the stack frames according to any one of claims 1 to
7 are laminated by the following method in such a
manner that the front sides face the same direction:
using one of the stack frames as a reference, and
laminating an additional stack frame by rotating it by
180° in a parallel manner.

9. A flow battery stack, comprising one or more stack
frames according to any one of claims 1 to 7, or the
stack frame laminate according to claim 8.

10. A flow battery, comprising the stack according to
claim 9.
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